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A B S T R A C T

Background: Pregnancy is characterized by multiple metabolic processes to allow proper foetal development and
ensure adequate stores. Little is known about the interactions between maternal and foetal metabolism during
the last phase of pregnancy. Metabolomic offers potential to discover changes in maternal metabolism in
pregnancy and their relation to the newborn metabolic status.
Objective: In this study we tested the hypothesis that metabolomic status in newborns at birth depends upon the
metabolomic profile of their mothers in the last phase of pregnancy.
Study design: Urine samples were collected from 36 pregnant women three weeks before delivery and from 21
healthy term newborns within 48 h after birth. Urines were analysed using proton nuclear magnetic resonance
(1H NMR) spectroscopy and NMR urine spectra were evaluated through Principal Components Analysis.
Results: The first component of the PCA analysis showed two distinct metabolic groups: pregnant women and
newborns. A significant correlation was found between urine metabolic profiles of newborns and those of their
mothers.
Conclusion: Urine metabolomic profiles of newborns at birth mirrors that of their mothers in the last phase of
pregnancy. The metabolomic approach appears to be crucial to understand the maternal effects on foetal pro-
gramming and infant outcomes.

Introduction

Pregnancy is characterized by a complexity of metabolic processes
that may impact foetal development and infant health outcomes [1].
Understanding the changes in maternal metabolism before, during and
after pregnancy is an essential clue regarding future neonatal health. In
agreement with the “Barker hypothesis”, there are many elements
which may affect both the smooth progress of a pregnancy and the
foetal and neonatal outcome [2–4]. Metabolomic is one of the techni-
ques that best allows investigation of complex biological systems [5].
Metabolomic technology, measuring multiple metabolites, directly
from biological systems, offers enormous potential to discover changes
in maternal metabolism during pregnancy and their relation to the
newborn metabolic status [6]. Recently, metabolomics has found a
strong field of application in perinatology. Many studies have

demonstrated that metabolomics is a powerful method for detecting
detailed metabolic signature of healthy pregnancies adding an im-
portant step towards the identification of disease-related deviations of
the major obstetric pathologies [7–9]. Diaz et al. observed a correlation
between metabolomic profiles and foetal malformations [10]. Other
authors investigated metabolomics in newborns from mothers with
severe preeclampsia [11–13], in pregnancies with small for gestational
age (SGA) foetus [7] and in pregnancies delivering preterm newborns
[8]. Nevertheless, current understanding of the relationship between
the metabolomic profile of mother and newborn during normal full-
term pregnancy is still not complete. The present study aims to in-
vestigate the correlation between urinary metabolomic profile of
healthy mother and their newborns. We tested the hypothesis that the
newborn metabolomic status is associated to that one of its mothers, in
the last trimester of pregnancy.
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Materials and methods

Population

The study was carried out at the Department of Molecular and
Developmental Medicine, University of Siena, Italy. Institutional
Review Board approved the study. A total of 57 urine samples were
collected: 36 from pregnant women, three weeks before delivery, and
21 from healthy newborns, within 48 h of birth. Maternal and new-
borns’ clinical details are reported in Tables 1 and 2. All of the urine
samples were collected after written informed consent obtained from
the individual women. The decision to use urine as the target of the
investigations has been dictated by the need to make this study non-
invasive and to facilitate adherence by patients. Regarding the mothers,
the inclusion criteria were: -obtaining a free and informed consent from
the pregnant women; -achievement of at least 36 weeks of gestational
age (GA) at the time of urine sample collection; -time of delivery be-
tween 37 and 42 gestational age. The exclusion criteria were: -preg-
nancies with a gestational age< 37weeks; -twin pregnancies.

Urine samples

Neonatal urines were collected by the insertion of a cotton pad in-
side the diaper. As regards to the collection of neonatal urine samples,
no exclusion criteria were adopted if not the refusal to consent to the
collection of the sample.

Each patient, pregnant women and newborns, provided a single
sample during the study.

All urine samples were shipped in dry ice to the Laboratory of the
University of Siena.

The samples were then analysed using a nuclear magnetic resonance
spectroscopic (Nuclear Magnetic Resonance, NMR) analysis technique.

NMR analysis

Urine NMR measurements were performed on a Bruker DRX
600MHz Avance Spectrometer with a selective inverse probe (SEI)
equipped with Z gradient coil. Spectra were acquired at a constant
temperature of 298.0 ± 0.1 K by using 90° pulses. Furthermore, 10 s
delay was included in the pulse sequence to allow T1 relaxation. In fact,
T1 values (in the range 1.5–2.8 s) of the analysed metabolites are such
that a 10 s delay allows full recovery of longitudinal magnetization after
a 90° pulse, as verified by constant integral values for D1≥ 5 s. A

0.3 Hz line broadening function was applied before Fourier transfor-
mation. A saturation pulse of 2 s duration was applied at the water
resonance to suppress the water signal. 32 K data points per scan were
used, and 128 transients were accumulated. Each urine sample was first
centrifuged at 2000 rpm for 5min and analysed afterwards. Sample
(550 μl) plus 50 μl of a TSP-d4 20mM solution were measured into a
0.5 mm (outer diameter) MR tube. All spectra were first run at their
own physiological pH; we use this first spectrum only for an overview of
the contained metabolites; then, we adjust the pH at 2.50 ± 0.02 in the
same MR tube, with a microelectrode, and we run a second spectrum.
The chemical shift of ionizable fluids is highly dependent on the pH. At
a pH of 2.50, all chemical shift values are reproducible within± 0.01
ppm [14]. Moreover, under the described conditions, the methyl sig-
nals of creatine and creatinine are clearly separated (3.05 ppm for the
methyl signal of creatine and 3.13 ppm for creatinine) and the methyl
signal of lactic acid (1.41 ppm) is not overlapped by the methyl re-
sonance of threonine (1.33 ppm). The pH was adjusted using a minimal
volume of HCl, starting from a 3M and ending with a 0.05M, and
samples were directly frozen at −80 °C [15]. All samples were run at
the same time. The variables of interest, related to the collected sam-
ples, were described in a dataset containing multiple clinical data of
patients enrolled in the study.

Statistical analysis

The spectra were examined by analysis of the main components
(PCA), through complex computer processing systems, based on ana-
mnestic and clinical data (collected in the dataset) relating to both
pregnant and newborn. The PCA is the first statistical approach to a
metabolomic analysis and is aimed at finding a trajectory or a possible
cluster formation in the study samples on the Cartesian plane, also
called score plot. At first, a technique was used for data simplification, as
the variables studied were multiple. This technique allows to obtain a
linear transformation of the variables that projects the original ones
into a new two-dimensional Cartesian system in which the new variable
with the greatest variance in data is projected on the horizontal axis
(values of the principal component 1, PC 1), while the second variable
for variance size, called principal component 2 (PC 2) on the vertical
axis. Then, a multivariate regression system was used, with the aim of
making quantitative predictions relative to one or more properties of
the spectra in question, using the Partial Least Square (PLS). PLS is a
further development of the PCA, as the components used are derived
from the set of PCA responses. In this way it is possible to maximize the
variance not only of PC 1 (abscissa) but also of PC 2 (ordinate). In doing
so, the choice of factors (main components), to be used for analysis, is
even more focused and effective. The PLS allows to better balance the
information contained in the abscissae and the ordinates on the score
plot, reducing the effect of large but irrelevant variations between the
data provided.

Results

Fig. 1 reports the median spectrum relative to maternal urine
(Fig. 1A) and the median spectrum relative to neonatal urine (Fig. 1B).
The first component of the PCA analysis (PC1) showed two distinct
metabolic groups: pregnant women and newborns (Fig. 2). Among all
enrolled samples (n= 57), 14 were pairs: a mother and her own baby.
A significant correlation was found between urine metabolic profiles of
mothers collected 3 weeks before delivery and those one of their new-
borns collected after birth, as shown through the scores of the second
component (PC2) of the PCA analysis (Fig. 3). In Fig. 3 each square
corresponds to a pair (mother-child) which a specific colour has been
assigned within the scatter plot.

Table 1
Clinical characteristics of pregnant women.

Gestational Age (weeks) at sample collection, mean
(SD)

37 (1)

Mother’s age (years) at delivery, mean (SD) 33 (4)
Weight gain (Kg) during pregnancy, mean (SD) 15 (5)
Maternal Gestational Diabetes, n (%) 4 (11)
Maternal Hypertension, n (%) 2 (6)
Maternal Hypotiroidism, n (%) 2 (6)
PROM, n (%) 9 (25)
Positive vaginal swab, n (%) 6 (17)
Type of delivery, n (%) Vaginal 23 (64)C-Section*

13
(36)

Table 2
Clinical characteristics of newborns.

Gestational Age (weeks), mean (SD) 39 (1)
Birth Weight (gr), mean (SD) 3370 (601)
Small for Gestational Age, n (%) –
Large for Gestational Age, n (%) 4 (19)
Gender, n (%) 12 Male (57) 9 Female (43)
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Discussion

Principal findings of the study

The principal findings of the study are as follows: 1) analysis of the

urine spectra showed that the metabolic profile of pregnant womens is
different from that of newborns, 2) the PCA analysis demonstrated that
urinary metabolic profile of pregnant mother, three weeks before de-
livery significantly correlated with metabolic profile of their own ba-
bies, 3) there are several metabolites that help to highlight the corre-
lation in the profiles of the mother and her child. These metabolites are
a powerful link between the two profiles. The study provides, for the

Fig. 1. Median spectrum of mothers (A) and newborns (B); VIP (Variable Influence in Projection), ppm (parts for million).

Fig. 2. The first component of the PCA analysis (PC1) of urine metabolic profile
of pregnant women (black dots) and newborns (red dots). (For interpretation of
the references to colour in this figure legend, the reader is referred to the web
version of this article.)

Fig. 3. Analysis of the 14 pairs: mothers and their own baby. Correlation be-
tween urine metabolic profiles of mothers collected 3weeks before delivery and
those one of their newborns collected after birth.
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first time, a comparison of the metabolomic profile of mother and
newborn during normal full-term pregnancy. Already in pregnancy
there is a bound between maternal and neonatal metabolism, despite
substantial qualitative and quantitative differences between the two
types of urinary profiles. Since metabolomic is sophisticated technique
and they use highly complex data interpretation tools, the correlation
found between the two types of profiles is strong and clearly visible
[16]. If every newborn is a reflection of her mother, there will be much
wider margins of clinical and therapeutic action on which to act. A first
step could be identifying multiple metabolic profiles associated with
physiological pregnancies, in order to create a metabolomic database
that can enclose indicative cluster of a pregnancy free of complications.
It is important to investigate whether the strong correlation between
the two types of metabolomics profiles (mothers-newborns) can be
quantified and highlighted from the very first stages of pregnancy, in
order to foresee on eventual intrauterine abnormal development, even
in early phases of pregnancy. Recently has been reported that maternal
diet may influence offspring's health, even within well-nourished po-
pulations [17]. The knowledge that the newborn metabolic profile re-
flects the flux of nutrients and other metabolites between the maternal
and placental-foetal unit is crucial, paving the way for future studies to
understand the effects of maternal biochemistry, physiology and life-
style behaviours on foetal programming and infant outcomes. Walejko
et al. provided information on the metabolic profiles of maternal and
foetal placental tissues delivered by caesarean section showing that
there are different metabolic alterations in the maternal and foetal
tissues of the placenta following delivery [18]. In the light of these
results, our study on the “omics” appears paramount for a better un-
derstanding of the bond between the mother and the newborn. The in-
depth knowledge of the metabolism of each pregnancy is very im-
portant, not only for a good state of maternal health, but also because
we could prevent or intervene, in advance, in situations in which foetal
well-being is at risk. This would represent, in the clinical field, a
screening tool, relatively low-cost and non-invasive, for some disorders
in pregnancy involving pathophysiological alterations of the same
metabolism.

Strengths and limitations

The current study was the first to utilize metabolomics, a technology
that provides highly discriminating power and sensitivity, to investigate
the comparison of the metabolomic profile of mother and newborn
during normal full-term pregnancy. The study is limited in that we
didn’t know which were the metabolites that support the correlation
between the mother and her child. However, the information presented
here reveals that each newborn is a mirror of the metabolic environ-
ment of the womb.

Conclusions

The metabolic profile of newborn correlates with the maternal one
at 3 weeks before delivery, suggesting that the newborn is plausibly
“programmed” by the maternal metabolism and this happens, most
likely, even in earlier phases of pregnancy. Since the newborn meta-
bolic profile reflects the flux of nutrients and other metabolites between
the maternal and placental-foetal unit, metabolomic approach appears
to be crucial to understand the effects of maternal biochemistry, phy-
siology and lifestyle behaviours on foetal programming and infant
outcomes.
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